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The European waste framework directive encourages reuse, refurbishment and recycling of products and materials 
in order to reduce plastic waste. However, thousands of chemicals are used in plastic materials. Many of these are 
potentially toxic, and may cause hormonal and developmental disruption in children. This includes phthalates and 
short chain chlorinated paraffins, which are used as plasticizers and flame-retardants. European legal frameworks 
regulate the amounts of these substances in toys in an effort to protect children’s health and safety. Currently, 
limits are set to 0.1% for phthalates and 0.15% for SCCPs. Here, we have investigated levels of these compounds 
in toys and childcare products that were purchased prior to and after legislation on stricter exposure levels was 
implemented (total of 157 items, 54 and 103 new and old, respectively). We found that a larger portion of older 
toys and items (83.5%) contained amounts that exceed legal limits, compared to newer toys and items (29.6%). 
Concentrations of DEHP, BBP, DIDP, and SCCPs were significantly higher in old items, and both DEHP and DINP 
were found at concentrations exceeding 400,000 mg/kg in several old balls, which is approximately 40% of the 
weight of the toy, and 400 times above the legal limit. These findings indicate that old toys have the potential to 
pose a greater risk to children, and that regulations can be useful tools to protect children from exposure to toxic 
chemicals. We also stress that the waste framework directive, which urges reuse and repurposing of objects such 
as second hand items used for dress-up play, can lead to continued exposure via chemicals in older items. We 
conclude that movement towards circular economy threatens to expose children from legacy compounds already 
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restricted on the market if efforts are not made to remove these items from circulation. 


1. Introduction 


There is an inherent tension between the European policy goals of 
circularity and non-toxic environment. Whereas the EU circular econ- 
omy action plan (European_Commision) aims at creating more circular 
material flows through e.g. reuse, refurbishment and recycling, the EU 
chemicals strategy (European Commision, 2020) for sustainability ad- 
dresses a toxic-free environment and aims to protect citizens’ health and 
the environment. The EU Waste Framework Directive is an important 
part of the implementation of the EU Circular Economy action plan. 
Through the principles of the waste hierarchy, waste should be pre- 
vented and reduced through re-use, recycling and recovery of materials 
and goods (Gharfalkar et al., 2015). There is a risk that the efforts to re- 
duce waste allows toxic compounds to persist in goods that remain in use 
or are reincorporated into recycled materials (Leslie et al., 2016). This 
is exemplified in the purchase of second hand toys, or repurposing of 
older items as toys for children, when older toys may contain hazardous 
chemical compounds. In a recent study measuring hazardous metals in 
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second hand toys, the author showed that these toys contained levels of 
several different metals that exceed current legal limits (Turner 2018), 
warning that old toys can present a source of hazardous materials to 
children. 

Plastics are incorporated in a material flow where the tension be- 
tween these policy goals is especially strong. While the European Strat- 
egy for Plastics in a circular economy (A new Circular Economy Ac- 
tion Plan, for a cleaner and more competitive Europe, 2022) contains 
ambitious targets for increased recycling of plastics, there is growing 
evidence of significant environmental and health risks associated with 
chemical exposure from plastics. Large numbers of chemicals associ- 
ated with plastics have been identified as toxic (Groh et al., 2019; 
Wiesinger et al., 2021). In fact, thousands of the chemicals used in as- 
sociation with plastics are substances of potential concern, and there 
are large knowledge gaps remaining with regards to hundreds of other 
substances (Wiesinger et al., 2021). As humans are exposed to plastics 
and plastic-associated chemicals via many routes, including via food 
contact materials, electronics, clothing and textiles, cosmetics and toys, 
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and toxic chemicals are used in many products, it becomes increasingly 
important to study and regulate the use and effects of these chemicals. 

Children are more sensitive to many types of chemical exposures 
compared to adults, due to their smaller body size (and surface to vol- 
ume ratio), higher metabolic rates, developing organ and hormonal 
systems and differences in metabolism via renal and hepatic systems 
(Ginsberg et al., 2004). Therefore, it is of even greater importance 
that their exposure routes be thoroughly investigated. Children’s toys 
have been shown to contain toxic substances such as metals, flame- 
retardants, chlorinated paraffins and phthalates (Korfali et al., 2013; 
Ionas et al., 2014; Lioy et al., 2015; McCombie et al., 2017; Turner 2018; 
McGrath et al., 2021). While these chemicals may serve functional pur- 
poses in the plastic materials, many of them are also inherently danger- 
ous to human health and more specifically, to children. Children have 
a high risk of exposure due to high amounts of time spent playing, and 
their propensity to use their mouths (Cohen Hubal, et al. 2000; Xue et al., 
2007). Indeed, children’s saliva has been indicated as a significant ex- 
posure pathway in leaching models (Ionas et al., 2016). 

Consequences of exposure to phthalates at young developmental 
ages are well studied. Reports show that exposure to these compounds 
during early childhood can have negative health impacts, including de- 
velopmental abnormalities, effect in thyroid function, increased risk of 
allergies and eczema, development of diabetes and obesity, adverse cog- 
nitive and behavioural outcomes, and increased cancer risks (Boas et al., 
2010; Braun et al., 2013; Ejaredar et al., 2015; Legler et al., 2015; 
Morgenstern et al., 2017). Epidemiological studies have not only indi- 
cated the consequences of exposure to phthalates and other endocrine 
disrupting compounds (EDC), but also the economic impact of expo- 
sure on a societal level. Trasande et al. (2015) concluded that the bur- 
den of disease caused by EDCs costs hundreds of billions of Euros per 
year, within the European Union alone. Recent studies have shown that 
the exposure levels to phthalates that are accepted under current regu- 
latory frameworks are not sufficiently protective to children’s health. 
Low level exposures, which can occur via multiple routes and prod- 
ucts, have been shown to have adverse outcomes to children’s health 
(Eales et al., 2022). Likewise, short-chain chlorinated paraffins (SC- 
CPs) are considered to be substances of very high concern (SVHC) by 
the European Chemicals Agency (ECHA) as they are persistent, bioac- 
cumulative and toxic (PBT). Toxicokinetic studies in rats show that 
short chain paraffins can cause liver and kidney toxicity, and addi- 
tional studies in animal models have indicated disruptions to thyroid 
metabolism and neurotoxicity (Gong et al., 2018; Yang et al., 2019; 
Schrenk et al., 2020). While there are data limitations concerning di- 
rect human health impacts, SCCPs are wide spread in the environment 
and humans are exposed via multiple routes, including indoor dust 
(Fridén et al., 2011), food (lino et al., 2005; Kratschmer et al., 2021) 
and toys (McGrath et al., 2021). In addition, SCCPs are found in humans, 
including in breast milk (Xia et al., 2017; Zhou et al., 2020) and blood 
samples (Li et al., 2017). 

The chemical content of toys on the European market is controlled 
by different directives and regulations, including the European Toy 
Safety Directive (2009/48/EC). Already in 1999, the use of phthalates 
in toys and children’s products in Europe was regulated through the 
1999/815/EC decision, restricting the use of certain phthalates (DEHP, 
BBP, DINP, DBP, DIDP, DNOP, explanations for abbreviations can be 
found in Table 1) in toys and childcare articles intended to be placed in 
the mouth by children under three years of age (Commission Decision 
of 7 December 1999, 1999). Since then, restrictions related to toys and 
childcare articles have subsequently been tightened. In 2005, the use 
of the same phthalates were restricted to a maximum limit of 0.1% by 
mass (1000 mg/kg) of the plasticized material of toys and childcare ar- 
ticles (2005/84/EC). In 2009, the new Toy Safety Directive was agreed 
upon (2009/48/EC), which imposed stricter requirements for the use of 
chemicals in toys. The directive concerned “...any product or material 
designed or clearly intended for use in play by children of less than 14 
years of age”, and prohibited the use of substances that are cancero- 
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genic, mutagenic or toxic for reproduction (CMR) in accessible parts of 
toys as well as a large number of allergenic fragrances in these products 
(The Toy Safety Directive, 2009). 

Phthalates are also, since July 2020, restricted within the EU through 
the restricted substances list, REACH Annex XVII, regulating their use 
in other types of products including food contact materials, cosmet- 
ics and product packaging. Included phthalates are DEHP, BBP, DBP, 
DIBP, DINP, DIDP, and DNOP. These substances must not be present in 
more than 0.1% by mass in the plasticized materials (ECHA, 2022a,b). 
Within REACH, nine phthalates are placed on the Authorisation list, 
REACH Annex XIV (DEHP, BBP, DBP, DIBP, DIPP, DMEP, DPP, NPIPP, 
and DHP), which means that the substances are not allowed to be 
placed on the market in the EU unless a special permit has been granted 
(COMMISSION REGULATION (EU) 2017/999 of 13 June 2017, 2017; 
COMMISSION REGULATION (EU) 2020/171 of 6 February 2020, 2020; 
COMMISSION REGULATION (EU) 2021/2045 of 23 November 2021, 
2021). 

Short chain chlorinated paraffins were identified as priority sub- 
stances by the Canadian EPA in 1988 owing to their detection in air, 
water, sediment, plankton, invertebrates and fish (Canada_EPA, 2008), 
and their high persistence, bioaccumulation potential and toxicity 
(Palm Cousins et al. 2012). Several restrictions followed in the European 
union (see (Gliige et al., 2016)). SCCPs were included in the REACH 
candidate list in 2008 (ECHA, 2008) owing to their identification as 
SVHCs, meeting the criteria of a PBT and very persistent, very bioac- 
cumulative (vPvB) properties. SCCPs were also classified as suspected 
carcinogens (ECHA, 2021). In 2015, the legal limit for SCCPs in prod- 
ucts to be placed on the market and used was set at 0.15% concentra- 
tion by weight (European_Commision, 2015 ). In addition, SCCPs were 
identified as POP substances and included in Annex A of the Stockholm 
convention in 2017 (POPs_ committee, 2009; COP, 2017) which requires 
its Parties to prohibit and/or eliminate the production, use, import and 
export of included chemicals. 

In this study, we have utilized target chemical analyses of hazardous 
phthalates and short chain chlorinated paraffins to investigate whether 
there are any differences in the chemical content of old toys and child- 
care articles compared to newly purchased items. Our goal was to ad- 
dress whether policy frameworks are adequate to protect children from 
exposure to known hazards by ensuring that toys do not contain known 
toxicants. We also aimed to address a possible conflict in targets in en- 
vironmental goals when chemicals in products act as a hindrance to 
circular use of materials and ultimately, a non-toxic environment. We 
ask whether we should encourage the reuse of old toys and items used 
for dress-up play, in accordance with the waste hierarchy, or whether 
these should be removed use and from the circular economy, i.e. via 
destruction. 


2. Materials and methods 
2.1. Collection of toys and other items 


Chemical compounds were investigated in a total of 157 new and 
old toys, as well as in childcare articles and items used for dress-up 
play. These items were collected in childcare facilities and well-care 
clinics as well as second hand boutiques in the two largest cities in Swe- 
den, namely Stockholm and Gothenburg. While phthalates and SCCPs 
are often found in polyvinylchloride (PVC) and rubber, focus here was 
on items that children come into contact with, and not PVC specifically. 
Therefore, other materials, like synthetic textiles and polyethylene (PE), 
were included. The toys and childcare items analyzed here were identi- 
fied either as ‘new’ or ‘old’. New items were purchased after 2014 when 
further restrictions in the toy directive had been implemented. Those 
items that were purchased as second hand stores or donated in used con- 
ditions to the public facilities were identified as ‘old’ and pre-date the 
Toy Directive (The Toy Safety Directive, 2009). Items were divided into 
five categories: balls, dolls, figures (mostly small animal figures), child- 


B. Carney Almroth and D. Slunge 


Journal of Hazardous Materials Advances 7 (2022) 100107 


Table 1 
List of compounds measured. Definitions of terms can be found in the footnote? below the table. 
Reported Organisational 
Compound Abbreviation CAS LOQ(mg/kg) Regulation Classification (by regulation) listing/agreements 
diisobutyl phthalate DIBP 84-69-5 20 REACH candidate list, Annex SVHC SIN list 
XIV, Annex XVII, R, EDC TEDX list, putative EDC 
Toy Safety Directive 
GHS HH Health hazard 
dibutyl phthalate DBP 84-74-2 20 REACH candidate list, Annex SVHC SIN list 
XIV, Annex XVII, under R, EDC TEDX list, putative EDC 
assessment for EDC 
Toy Safety Directive 
GHS HH 
GHS ENVH Health hazard 
Environmental hazard 
benzylbutyl BBP 85-68-7 20 REACH candidate list, Annex SVHC SIN list 
phthalate XIV, Annex XVII, R, EDC TEDX list, putative EDC 
Toy Safety Directive 
GSH HH Health hazard 
GHS ENVH Environmental hazard 
di(2-ethylhexyl) DEHP 117-81-7 50 REACH candidate list, Annex SVHC SIN list 
phthalate XIV, Annex XVII R, EDC TEDX list, putative EDC 
Toy Safety Directive 
GHS HH Health hazard 
diisonony] phthalate DINP 28,553-12-0 100 Toy Safety Directive, Annex No classification SIN list 
or XVII TEDX list, putative EDC 
68,515-48-0 
diisodecyl phthalate DIDP 26,761-40-0 100 Toy Safety Directive, Annex SIN list 
XVII, Annex III TEDX list, putative EDC 
GHS ENVH Environmental hazard predicted HH, 
di-n-octyl phthalate DNOP 117-84-0 20 Toy Safety Directive, Annex SIN list 
XVII, Annex IIT TEDX list, 
GHS HH Health hazard potential EDC, UNEP, 
di-n-hexyl phthalate DHP 84-75-3 20 REACH candidate list, Annex SVHC SIN list 
XIV, Annex III R TEDX list, putative EDC 
GHS HH Health hazard potential EDC, UNEP 
di-n-pentyl phthalate DPP 131-18-0 20 REACH candidate list, Annex SVHC SIN list 
XIV, Annex III R TEDX list, putative EDC 
GHS HH Health hazard potential EDC, EU 
GHS ENVH Environmental hazard 
diisopentyl phthalate DIPP 605-50-5 20 REACK candidate list, Annex SVHC SIN list 
XIV R 
GHS HH Health hazard 
GHS ENVH Environmental hazard 
diisonony] phthalate D-5 Mph 71,888-89-6 100 REACH candidate list, Annex SVHC SIN list 
XIV, Annex III R 
GHS HH Health hazard 
n-pentyl-isopentyl NPIPP 776,297-69- 20 REACH candidate list, Annex SVHC SIN list 
phthalate 9 XIV R 
GHS HH Health hazard 
GHS ENVH Environmental hazard 
diisohexyl phthalate DIHP 71,850-09-4 100 REACH candidate list, Annex SVHC SIN list, 
Il 
GHS HH Health hazard 
bis (2-propylheptyl) DPHP 53,306-54-0 50 Under assessment for EDC No classification predicted HH 
phthalate 
bis (2-methoxyethyl) DMEP 117-82-8 20 REACH candidate list, Annex SVHC SIN list, 
phthalate XIV R TEDX list, putative EDC 
GHS HH Health hazard 
1,2- DHNUP 68,515-42-4 200 REACH candidate list, Annex SVHC SIN list 
benzendicarboxyl XIV, Annex XVII, Annex III R 
acid di(C7-11)- alkyl GHS HH 
ester Health hazard 
short SCCP 85,535-84-8 100 REACH candidate list PBT, POP, suspected C SIN list 
chainchlorinated GHS HH Health hazard Stockholm convention, annex 
paraffins GHS ENVH Environmental hazard A 


a CAS = chemical abstract services. LOQ= limit of quantification. REACH substances of very high concern (SVHC); Annex XIV = REACH authorization 
list; Annex XVII = REACH restriction list; Annex III (REACH) = chemicals listed here include pesticides and industrial chemicals that have been banned or 
severely restricted for health or environmental reasons by two or more Parties and which the Conference of the Parties has decided to subject to the PIC 
procedure; global harmonization system health hazard (GSH HH); global harmonization system environmental health (GHS ENVH); SIN = a list of chemicals 
identified by ChemSec (https://chemsec.org/business-tool/sin-list/) as SVHC according to REACH criteria, endocrine disrupting compound (EDC) listed by 
United Nations Environmental Programme (UNEP (IPCP 2017)) or The Endocrine Disruption Exchange (TEDX). 


B. Carney Almroth and D. Slunge 


care items (mattresses and changing tables), and dress-up items (old 
clothes and handbags). Items collected in the two Swedish cities were 
analyzed together. A full list of the items analyzed and their assigned 
categories can be found in Table S1 in the supplementary materials. 


2.2. Concentrations of phthalates and short chain chlorinated paraffins 
in toys and other items 


The data presented here are a combination of results from analyses 
conducted on behalf of the local environmental administration agencies 
of each of these municipalities. Analyses handled via Eurofins Environ- 
ment Testing AB, Lidköping, Sweden, at their German partner labora- 
tory Priifinstitut Chemische Analytik GmbH (PiCA). Eurofins is a DAkkS 
(German Accreditation Body) accredited testing laboratory for chemical 
and physico-chemical analyses of articles with direct consumer contact, 
including toys. The samples were cut into pieces (2-3 mm) and extracted 
with a solvent mix containing equal measures of ethyl acetate, cyclohex- 
ane, and acetone in an ultrasonic bath 1 h at 60 °C. Extracts were filtered 
through glass wool, rinsed three times with MeOH. An internal standard 
mix containing deuterated forms of the 17 phthalates of interest and 
SCCPs (see Table 1) was added to each sample. The extracts were anal- 
ysed with gas chromatography, mass spectrometry electron ionization 
(GC/MS EI) for phthalates and GC/MS Negative Chemical Ionization 
(NCI) for chlorinated paraffins. Procedural blanks consisted of solvent 
mixtures. We utilized up-to-date Wiley/NIST databases to assist in iden- 
tification. All analyses were done in accordance with good laboratory 
practice (GLP). At PiCA the GC-measurement systems are tuned (calibra- 
tion of the mass spectrometers) after every clean up or as needed. The GC 
is refreshed every working day and the functioning is confirmed using an 
internal standard; sample quantification is performed by an external cal- 
ibration and internal standards. The laboratory processing is controlled 
by the internal standard and by a recovery and double determination. 
All measurements and protocols have been confirmed in interlabora- 
tory tests. Data from these reports, in Swedish, are publically avail- 
able online or upon request (Goteborgs_stad_Miljéforvaltning, 2016; 
Stockholms stad, 2017). 

Chemical compounds that were included in the screening analy- 
ses were chosen based on their hazard classifications as defined by 
ECHA, including CMR, PBT, vPvB and EDC. Concentrations of the sev- 
enteen chemical compounds were measured. Information on abbrevia- 
tions, CAS number and annotations for each compound can be found in 
Table 1. Measured substances were: diisobutyl phthalate (DIBP), dibutyl 
phthalate (DBP), benzylbutyl phthalate (BBP), di (2-ethylhexyl) phtha- 
late (DEHP), diisononyl phthalate (DINP), diisodecyl phthalate (DIDP), 
di-n-octyl phthalate (DNOP), di-n-hexyl phthalate (DHP), di-n-pentyl 
phthalate (DPP), diisopentyl phthalate (DIPP), diisoheptyl phthalate 
(D-5 Mph), n-pentyl-isopentyl phthalate (NPIPP), diisohexyl phthalate 
(DIHP), bis (2-propylheptyl) phthalate (DPHP), di (2-metoxietyl) phtha- 
late (DMEP), 1,2-benzendicarboxy] acid di(C7-11)- alkyl ester (DHNUP), 
and short chain chlorinated paraffins (SCCPs). 


2.3. Statistics 


Samples were collected from 2 different cities in Sweden, but we did 
not analyse effects of this factor, but rather addressed age of the prod- 
ucts. Statistical analyses were performed using GraphPad Prism 7.0. In 
a first step, objects were assigned as either containing measurable con- 
centrations of a tested chemical or not, and these data were compared 
for the 2 categories of age (‘new’ versus ‘old’) using a 2-sided Pearson 
Chi-square test, and then across 5 categories for type of object (‘ball,’ 
‘doll,’ ‘figure,’ child care material,’ or ‘dress-up’) using a non-parametric 
test for multiple comparisons (Dunnet C). Objects were then scored as 
containing concentrations above legal limits of at least one chemical, 
or not, and then tested again in the same way. Data were tested for 
normality and homogeneity of variances with the Levene test, Q-Q plots 
and Shapiro-Wilk tests. Non-parametric tests were chosen since the data 


Journal of Hazardous Materials Advances 7 (2022) 100107 


did not fulfill assumptions for ANOVAs. In addition, the total number of 
chemicals detected in each object was tallied (SCCPs were counted as 
one). 

Finally, concentrations of chemicals were compared across age and 
type. For these analyses, when chemicals were not detected in an item, 
and since it is theoretically not possible to measure the absence of 
the chemicals given the detection limits, we replaced 0 values with 5 
of the limit of quantification (LOQ). The non-parametric Mann Whit- 
ney U test was used to compare between the categories ‘new’ and 
‘old.’ 


3. Results 


Analyses showed that 9 of 17 of the chemical substances investigated 
occurred in the toys and childcare articles. Compounds identified in the 
tested items include DIBP, DBP, BBP, DEHP, DINP, DIDP, DNOP, DHP, 
and SCCP. Additional substances that were measured but not identified 
in any samples are DPP, DIPP, D-5 Mph, NPIPP, DIHP, DPHP, DMEP, and 
DHNUP. Results of the chemical analyses for each item are displayed in 
Figs. 1 and 2. Table 2 indicates the number of items in each category 
that contained each compound, as well as the number of items in which 
measured levels exceed current legally accepted concentrations. A more 
complete description of the items included in the study and measured 
concentrations of phthalates and SCCPs can be found in supplementary 
Table S1. 

102 of the 157 tested objects were found to contain at least one 
of the analyzed substances. The numbers of new and old items from 
each of the different categories are depicted in Fig. 1, indicating the 
number of items containing concentrations above the LOQ and concen- 
trations above the legal limit. Of these, a significantly greater number 
of old items contained one or more of the substances measured here 
(45.164, df = 1, p < 0.001). The share of new items containing sub- 
stances of concern was 29.6%, or 16 individual items, while 83.5% 
of the old toys, childcare items or dress up items did so, totaling 86 
items. Our analyses also indicated that 60.1% of the old toys and child- 
care articles contained concentrations of target substances above the 
legally defined limits of the chemical substances. This is significantly 
more than the number of new toys and childcare articles, where 7.4% 
percent contained concentrations of investigated chemical substances 
that were above set limits (Peason’s R = 0.536, p < 0.001). DEHP oc- 
curred in 64.0% and DINP in 50.4% of the old items and were the 
two substances that dominated our results. Old items also contained 
chemicals at concentrations above legal limits at a greater frequency 
compared to new items (Pearson’s R = 0,552, p < 0.001). DEHP, 
for example, was found in 85 old items, exceeding legal limits in 
the following categories, shown as percent of items: childcare articles 
(84%), dress up items (61.5%), balls (55.5%), dolls (25%), and figures 
(22.7%). The corresponding percentage of items in each category found 
to have chemical concentrations exceeding legal limits for DINP con- 
centrations were: childcare articles (44%), toy figures (44%) and balls 
(33%). 

Fig. 2 shows the concentrations of the nine compounds identified 
in this study, indicating old versus new items, and items that exceeds 
legal limits. Table 2 shows the number of items in each category that 
contained each compound, and the number of items in which the con- 
centration measured exceeds legal limits is indicated. In addition, most 
of the new items that contained a phthalate or SCCP contained only one 
substance (only 3 of the new items contained 2 different substances) 
while the majority of the old items contained multiple substances (86 
items contained 2 or more substances). A red mattress cover contained 
all of the detected substances at levels above LOQ. A comparison of 
the different chemicals in new versus old items revealed that concen- 
trations were higher in old items for BBP (F = 50.710, p < 0.001), 
DEHP (F = 10.121, p = 0.002), DIDP (F = 4.468, p = 0.038) and SCCPs 
(F = 7.179, p = 0.013). More detailed information on concentrations can 
be found in supplementary table S1. 
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Fig. 1. The number of items containing one or more of the measured substances at levels > LOQ, indicated as below legal limits (grey) or in exceedance of legal 
limits (red). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 


Table 2 


Number of items measured in each category that were found to contain the chemical substances listed at levels above LOQ. New items were purchased after 2014. 
None of the dress up items were newly purchased, so this category was excluded from the comparison here. Numbers in parentheses indicate the number of items 
in a category that were found to have levels of a compound exceeding current legal limits. 


New Items Old Items Total 
Childcare Childcare Dress up 
category Balls Dolls Figures articles Balls Dolls Figures articles items 
Number of items measured 7 3 24 20 12 44 25 13 157 
Compound CAS 
DIBP 605-50-5 2(1) 0 4 (0) 2 (1) 5 (1) 21 (1) 15 8 59 
DBP 84-74-2 1 0 0 0 5 (2) 8 (1) 19 (3) 23 (1) 10 (1) 66 
BBP 85-68-7 0 0 0 0 0 3 (2) 13 (5) 1 17 
DEHP 117-81-7 0 0 3 3 (2) 7 (5) 8 (4) 34 (10) 23 (21) 11 (8) 89 
DINP 1,332,965-90-8 0 0 0 0 6 (3) 4 (3) 28 (16) 12 (11) 8 (7) 58 
DIDP 26,761-40-0 0 0 0 0 11) 7 (4) 17 (13) sm 28 
DNOP 117-84-0 0 0 0 0 1(1) 0 1Q) 10 (10) 0 12 
DHP 84-75-3 0 0 0 0 0 0 10 (5) 0 10 
SCCP 85,535-84-8 1 0 0 3 (2) 1 6 (4) 1 4 16 
Total number of items containing 2 0 0 1 8 37 23 11 89 
more than one of the substances 
Shown in% 28.6 0 0 5 77.8 66.6 84.1 92 84.6 


4. Discussion 


Plastics and chemicals are produced and used in vast quantities in so- 
ciety, to the extent that they exceed planetary boundaries and threaten 
the stability, health and well-being of the environment and humans 
(Persson et al., 2022). Indeed, this indicates the need for policies that 
regulate hazardous chemicals in the production, use and disposal of 
many different products. This study was based on chemical analyses 
of phthalates and short chain chlorinated paraffins and aimed to deter- 
mine whether current legislation is effective in protecting children from 
exposure to these compounds via toys and childcare articles. Our data 


shows that this is in large part the case; comparing items purchased 
before and after the implementation of the European Toy Safety Direc- 
tive in 2009 (The Toy Safety Directive, 2009), we found that the share 
of items containing the identified phthalates and chlorinated paraffins 
was significantly lower after the directive came into place. This is in 
line with other studies indicating that current bans in Europe have 
led to decreases in toxic phthalates on the market (McCombie et al., 
2017). McGrath et al. (2021) found similar results regarding short 
chain chlorinated paraffins in toys following inclusion of these com- 
pounds in the Stockholm Convention. In addition, urinary phthalate 
concentrations have decreased in children and adolescents during the 
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Fig. 2. Graphs depict concentrations of individual chemical compounds found in individual items, shown from lowest to highest measured concentration along the 
x-axis (numbering is arbitrary and only indicative of the total number of items containing measurable amounts of the indicated compounds). Old items are shown 
as open red squares ([_]) and new items are shown as filled black circles (@). The total number of items found to contain measurable levels of each compound are as 


follows: DIBP=59, DBP=66, BBP=17, DEHP=89, DINP=58, DIDP=28, DNOP=12, DHP= 10, SCCP=16. Dotted lines represent the legally permitted concentration of 


specific compounds in toys in Europe (1000 mg/kg for all phthalates shown, 1500 mg/kg for SCCPs). Note that both x- and y-axes differ between figures, and that 
y-axes are shown in log scale for all compounds, with the exception of BBP and DHP, to allow for visualization of data points over a large span of concentrations. 
Objects that did not contain the targeted chemicals are not shown. (For interpretation of the references to color in this figure legend, the reader is referred to the 


web version of this article.) 


past decade (Schwedler et al., 2020). While short-chain paraffin lev- 
els have also decreased in the environment in Europe (Bogdal et al., 
2017), the same is not clearly evident in human biomonitoring 
studies (Xu et al., 2022). 

However, despite measurable declines in human exposure to ph- 
thalates (Schwedler et al., 2020; Qu et al., 2022), recent reviews 
of epidemiological data indicate that there is still cause for concern 
(Maffini et al., 2021; Eales et al., 2022). These studies report correla- 
tions between phthalate exposure (measured in blood and/or urine) 
and health outcomes including lower semen quality, neurodevelop- 
mental impacts, risk of childhood asthma, and impacts on anogen- 
ital distance in boys. The authors conclude that current regulatory 
frameworks are evidently not protective enough, and post market 
analyses addressing both exposure pathways and health outcomes are 
needed. 

Indeed, we noted an inherent risk in a second hand toy market that 
encourages reuse or resale of older items, as encouraged by the waste hi- 
erarchy and circular economy movements, since these toys were found 
to contain levels of numerous compounds that exceeded current accept- 
able limits. DEHP, for example, was found in a total of 83 old items, 
and at levels exceeding legal limits in 48 items including 55% of balls, 
61% of dress up items, and —84% of child care articles. In several cases 
concentrations neared or exceeded 400,000 mg/kg, equal to 40% of the 
items by weight. This is 400 times over the legal limit today. This is also 
true of items repurposed for play, e.g. clothing and handbags, which 


contained high levels of a number of phthalates, and might be more 
problematic since they are not included in legislation aimed at protect- 
ing children. We found that 92% of childcare articles and 85% of dress 
up items contained concentrations that exceeded legal limits of at least 
one and up to five of the measured compounds. In fact, only 2 out of 
25 ‘old’ childcare items, e.g. mattress covers, did not contain detectable 
amounts of DEPH and six items contained levels that exceeded today’s 
legal limits by more than 100x, up to 280 000 mg/kg. In addition, since 
the toys and childcare items included in this report were collected from 
state run facilities, including day care centers and baby well clinics, we 
argue that the items do indeed present an exposure pathway for numer- 
ous children. 

Children are exposed to toxic chemicals via many pathways beyond 
toys and childcare articles. For example, chlorinated paraffins have 
been identified in baby food (Kratschmer et al., 2021), plastic sports 
courts and artificial turf (Cao et al., 2019), and food contact materi- 
als, which are shown to contain both chlorinated paraffins and phtha- 
lates (Wang et al., 2019). Therefore, it is important to take steps to re- 
duce children’s exposure to these compounds also through other ways 
than regulations of hazardous substances in toys. A recent study demon- 
strated that the concentrations of phthalates in dust in preschool envi- 
ronments were reduced by replacing PVC flooring, with other materi- 
als (Giovanoulis et al., 2019). The stricter regulation of four phthalates 
(BBP, DBP, DEHP and DIBP) in electrical and electronic equipment from 
2019 (in an amendment to the EU directive (RoHS 2011/62(EU)) and 
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in consumer products from 2020 in the European Union are likely to 
further reduce children’s exposure to phthalates. 

Our results also show that SCCPs were present in both old and new 
toys and childcare articles, in total 16 out of 157 objects. Levels ex- 
ceeded the legal threshold in 2 out of 4 new objects in which these 
compounds were identified. It is well documented that children are ex- 
posed to SCCPs via multiple routes during their lifetimes (Iino et al., 
2005; Fridén et al., 2011; Kratschmer et al., 2021; McGrath et al., 2021), 
including at very young ages, via breast milk and potentially in utero 
(Xia et al., 2017; Liu et al., 2020; Zhou et al., 2020). While there is a need 
for increased study concerning health impacts of SCCPs, they are indi- 
cated to act as EDCs and carcinogens (Gong et al., 2018; ECHA, 2021). 
Numerous researchers express concern about the multitudes of low dose 
exposures to toxic chemicals, including EDCs like phthalates and SC- 
CPs, that occur during early developmental stages (Gore et al., 2015; 
Kirchnawy et al., 2020; Ghassabian et al., 2022) and these concerns un- 
derlie such legislation as the Toy Safety Directive. 

Furthermore, while we did not address manufacturing location in 
this study, others have shown that there is a risk for the presence of 
phthalates and other chemicals in goods that are produced outside of 
the European market (Liu et al., 2019; Praveena et al., 2021). Given 
that the volume of products flowing into the EU through personal or- 
ders is increasing, via e.g. direct e-commerce, and efforts to ensure con- 
sumer safety have been deficient, it is becoming necessary to increase 
market surveillance in the EU (Hajnal 2020). Calls are also in place to 
increase toy safety and production requirements in Asia, the world’s 
largest producer and exporter of toys, as is articulated in the statement 
by the Association of South East Asian Nations (ASEAN) (Ismaila et al., 
2020). However, until stricter regulation and surveillance is in place, 
consumers purchasing toys directly from outside the EU risk importing 
items that do not comply with EU legislation, thereby increasing risks of 
environmental and health impacts due to toxic chemicals (KemI, 2020). 

The results of our work can also be viewed through the lens of the 
circular economy. Efforts to reduce waste via re-use and repurposing 
may enhance the problems associated with use of harmful chemicals 
in products, as shown in this study as well as others (Miller and Har- 
ris, 2015). In fact, recycled materials can increase phthalate exposure 
in children (Lee et al., 2014), and threaten to expose children from 
legacy compounds already restricted on the market. Toxic chemicals are 
also a significant hindrance to creating a circular economy of plastics 
(Leslie et al., 2016; de Romph and Van Calster, 2018). There are tech- 
nologies available for recycling plastic materials, most commonly PE 
and PET but also other plastics like PVC, which may contain high levels 
of phthalates and SCCPs. These include incineration (sometimes referred 
to as energy recycling), mechanical recycling, chemical or feedstock re- 
cycling, and biological or organic recycling (Sadat-Shojai and Bakhshan- 
deh, 2011; Shamsuyeva and Endres, 2021). While high temperature in- 
cineration can prevent significant release of legacy contaminants and 
additives (Wagner and Schlummer, 2020), incineration plant workers 
may be exposed to hazardous levels of phthalates (Lu et al., 2020), and 
open fires commonly used for waste management in low- and middle 
income countries pose a substantial risk to human health (Velis and 
Cook, 2021). Mechanical recycling may include a solvent phase to re- 
move additives or to dissolve polymers and regenerate monomers for 
virgin-grade materials (Sherwood, 2020; Schyns and Shaver, 2021), but 
these practices are not implemented at scale. If the harmful chemicals 
and materials are not removed from the market, the positive aspects of 
creating more circular flows of plastics risk being outweighed by the 
health and environmental costs from chemical pollution (Leslie et al., 
2016). 

Despite this knowledge, plastic associated chemicals remain perva- 
sive in our lives. Building on the evidence that regulations of hazardous 
chemicals can have intended effects on exposure, future efforts should 
address the use of harmful chemicals at national, regional and, impor- 
tantly, global scales. Implementation of REACH policies and European 
chemical and waste management policies (Lee et al., 2014), together 
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with increased transparency about chemical usage and material flows 
in products, could be applied to increase safety. We need to remove 
legacy toxicants from our material flows and homes and protect chil- 
dren’s health. 


5. Conclusions 


Our study showed that phthalates and SSCPs are present in children’s 
toys and child-care articles, but that frequency and concentrations were 
lower in newer items. Older items contained concentrations up to 400x 
more that the current legal limit, presenting a health risk and impor- 
tant exposure route for children, while concentrations in (most) newer 
items were below detection limits or legally permitted concentrations. 
We demonstrated that legislation can be a useful tool in removing haz- 
ardous chemicals from the market and thereby reduce exposure in chil- 
dren. 


Declaration of Competing Interest 


The authors declare that they have no conflicts of interest. 


CRediT authorship contribution statement 


Bethanie Carney Almroth: Conceptualization, Data curation, Writ- 
ing — original draft, Writing - review & editing, Visualization, Supervi- 
sion, Resources. Daniel Slunge: Conceptualization, Writing — original 
draft, Writing — review & editing. 


Funding 


We acknowledge Formas, the Swedish research council for sustain- 
able development, grant numbers 2016-00895, 2016-01238, and 2021- 
00913 as well as the Centre of Future chemical Risk Assessment and 
Management at the University of Gothenburg for financial support. 


Acknowledgements 


We would like to thank Julia Bredstenslien, Master’s student at the 
University of Gothenburg, Nina Zackrisson at the Environmental Man- 
agement office of the city of Göteborg, Sweden, and Ida Andersson at the 
Gothenburg Centre for Sustainable Development for valuable input. We 
acknowledge Formas, the Swedish research council for sustainable de- 
velopment, grant numbers 2016-00895, 2016-01238, and 2021-00913 
as well as the Centre of Future chemical Risk Assessment and Manage- 
ment at the University of Gothenburg for financial support. 


References 


A new Circular Economy Action Plan, for a cleaner and more competitive 
Europe. https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri 
=COM:2020:98:FIN. 2022. 

Boas, M., Frederiksen, H., Feldt-Rasmussen, U., Skakkebak, N.E., Hegedüs, L., Hilsted, L., 
Juul, A., Main, K.M., 2010. In: Childhood Exposure to Phthalates: Associations with 
Thyroid function, Insulin-Like Growth Factor I, and Growth, 118. Environmental 
Health Perspectives, pp. 1458-1464. doi:10.1289/ehp.0901331. 

Bogdal, C., Niggeler, N., Glüge, J., Diefenbacher, P.S., Wächter, D., Hungerbühler, K., 
2017. Temporal trends of chlorinated paraffins and polychlorinated biphenyls in Swiss 
soils. Environ. Pollut. 220, 891-899. doi:10.1016/j.envpol.2016.10.073. 

Braun, J.M., Sathyanarayana, S., Hauser, R., 2013. Phthalate exposure and children’s 
health. Curr. Opin. Pediatr. 25, 247-254. doi:10.1097/MOP.0b013e32835e1eb6. 
Canada_EPA, Proposed risk management approach for chlorinated paraffins, in: H.C. En- 

vironment Canada (Ed.), 2008. 

Cao, D., Gao, W., Wu, J., Lv, K., Xin, S., Wang, Y., Jiang, G., 2019. Occurrence and human 
exposure assessment of short- and medium-chain chlorinated paraffins in dusts from 
plastic sports courts and synthetic turf in Beijing, China. Environ. Sci. Technol. 53, 
443-451. doi:10.1021/acs.est.8b04323. 

Cohen Hubal, E.A., Sheldon, L.S., Burke, J.M., McCurdy, T.R., Berry, M.R., Rigas, M.L., 
Zartarian, V.G., Freeman, N.C.G., 2000. Children’s exposure assessment: a re- 
view of factors influencing children’s exposure, and the data available to char- 
acterize and assess that exposure. Environ. Health Perspect. 108, 475-486. 
doi:10.1289/ehp.108-1638158. 


B. Carney Almroth and D. Slunge 


Commission Decision of 7 December 1999. adopting measures prohibiting the plac- 
ing on the market of toys and childcare articles intended to be placed in 
the mouth by children under three years of age made of soft PVC con- 
taining one or more of the substances di-iso-nonyl phthalate (DINP), di(2- 
ethylhexyl) phthalate (DEHP), dibutyl phthalate (DBP), di-iso-decyl phthalate 
(DIDP), di-n-octyl phthalate (DNOP), and butylbenzyl phthalate (BBP) (notified 
under document number C(1999) 4436) (Text with EEA relevance), (1999). 
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:31999D0815. 

COP, 2017. 8, Decision SC-8/11 listing short-chain chlorinated paraffins (SCCPs) in annex 
A of the convention. Conference of the Parties of the Stockholm Convention. 

COMMISSION REGULATION (EU) 2017/999 of 13 June 2017, 2017. amend- 
ing Annex XIV to Regulation (EC) No 1907/2006 of the European Parlia- 
ment and of the Council concerning the Registration, Evaluation, Authorisa- 
tion and Restriction of chemicals (REACH). Off. J. Eur. Union https://eur-lex. 
europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R0999&from=EN. 

COMMISSION REGULATION (EU) 2020/171 of 6 February 2020, 2020. amend- 
ing Annex XIV to Regulation (EC) No 1907/2006 of the European Parlia- 
ment and of the Council concerning the Registration, Evaluation, Authorisa- 
tion and Restriction of Chemicals (REACH). Off. J. Eur. Union https://eur-lex. 
europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32020R0171&from=EN. 

COMMISSION REGULATION (EU) 2021/2045 of 23 November 2021, 2021. amend- 
ing Annex XIV to Regulation (EC) No 1907/2006 of the European Parlia- 
ment and of the Council concerning the Registration, Evaluation, Authori- 
sation and Restriction of Chemicals (REACH). Off. J. Eur. Union https://eur- 
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021R2045&qid=1637747 
476023&from=EN. 

de Rémph, T.J., Van Calster, G., 2018. REACH in a circular economy: the obstacles for 
plastics recyclers and regulators, Review of European. Compar. Int. Environ. Law 27, 
267-277. doi:10.1111/reel.12265. 

Eales, J., Bethel, A., Galloway, T., Hopkinson, P., Morrissey, K., Short, R.E., Garside, R., 
2022. Human health impacts of exposure to phthalate plasticizers: an overview of 
reviews. Environ. Int. 158, 106903. doi:10.1016/j.envint.2021.106903. 

ECHA. Inclusion of substances of very high concern in the candidate list (Decision by the 
Executive Director), in, 2008. 

ECHA, 2021. Substance Infocard_Alkanes. C10-13, chloro in: E.C. Agency (Ed.). 

ECHA, ANNEX XVII TO REACH - Conditions of restriction. Restrictions on the 
manufacture, placing on the market and use of certain dangerous substances, 
mixtures and articles, European Chemicals Agency, Entry 51 (n.d. a). 2022a. 


https://echa.europa.eu/documents/10162/aaa92146-a005-1dc2-debe-93c80b57cSee. 


ECHA, ANNEX XVII TO REACH - Conditions of restriction. Restrictions on the 
manufacture, placing on the market and use of certain dangerous substances, 
mixtures and articles, European Chemicals Agency, Entry 52 2022b (n.d. b). 
https://echa.europa.eu/documents/10162/0923c1 0f-5495-16ee-5c0f-dd3613fbdeéd. 

Ejaredar, M., Nyanza, E.C., Ten Eycke, K., Dewey, D., 2015. Phthalate exposure 
and childrens neurodevelopment: a systematic review. Environ. Res. 142, 51-60. 
doi:10.1016/j.envres.2015.06.014. 

European_Commision, Regulation (EC) No 850/2004 of the European Parliament and of 
the Council on persistent organic pollutants as regards Annex I (Text with EEA rele- 
vance), (2015). 

European_Commision, Chemicals strategy for sustainability. Towards a toxic-free environ- 
ment, in, Brussels, 2020, pp. 25. 

Fridén, U.E., McLachlan, M.S., Berger, U., 2011. Chlorinated paraffins in indoor air and 
dust: concentrations, congener patterns, and human exposure. Environ. Int. 37, 1169- 
1174. doi:10.1016/j.envint.2011.04.002. 

Gharfalkar, M., Court, R., Campbell, C., Ali, Z., Hillier, G., 2015. Analysis of waste hi- 
erarchy in the European waste directive 2008/98/EC. Waste Manag. 39, 305-313. 
doi:10.1016/j.wasman.2015.02.007. 

Ghassabian, A., Vandenberg, L., Kannan, K., Trasande, L., 2022. Endocrine-disrupting 
chemicals and child health. Annu. Rev. Pharmacol. Toxicol. 62. doi:10.1146/an- 
nurev-pharmtox-021921-093352, null. 

Ginsberg, G., Hattis, D., Sonawane, B., 2004. Incorporating pharmacokinetic differences 
between children and adults in assessing children’s risks to environmental toxicants. 
Toxicol. Appl. Pharmacol. 198, 164-183. doi:10.1016/j.taap.2003.10.010. 

Giovanoulis, G., Nguyen, M.A., Arwidsson, M., Langer, S., Vestergren, R., Lagerqvist, A., 
2019. Reduction of hazardous chemicals in Swedish preschool dust through article 
substitution actions. Environ. Int. 130, 104921. doi:10.1016/j.envint.2019.104921. 

Gliige, J., Wang, Z., Bogdal, C., Scheringer, M., Hungerbiihler, K., 2016. Global production, 
use, and emission volumes of short-chain chlorinated paraffins - a minimum scenario. 
Sci. Total Environ. 573, 1132-1146. doi:10.1016/j.scitotenv.2016.08.105. 

Gong, Y., Zhang, H., Geng, N., Xing, L., Fan, J., Luo, Y., Song, X., Ren, X., Wang, F., 
Chen, J., 2018. Short-chain chlorinated paraffins (SCCPs) induced thyroid disruption 
by enhancement of hepatic thyroid hormone influx and degradation in male Sprague 
Dawley rats. Sci. Total Environ. 625, 657-666. doi:10.1016/j.scitotenv.2017.12.251. 

Gore, A.C., Chappell, V.A., Fenton, S.E., Flaws, J.A., Nadal, A., Prins, G.S., Top- 
pari, J., Zoeller, R.T., 2015. EDC-2: the endocrine society’s second scien- 
tific statement on endocrine-disrupting chemicals. Endocr. Rev. 36, E1-E150. 
doi:10.1210/er.2015-1010. 

Groh, K.J., Backhaus, T., Carney-Almroth, B., Geueke, B., Inostroza, P.A., Lennquist, A., 
Leslie, H.A., Maffini, M., Slunge, D., Trasande, L., Warhurst, A.M., Muncke, J., 2019. 
Overview of known plastic packaging-associated chemicals and their hazards. Science 
of The Total Environment 651, 3253-3268. doi:10.1016/j.scitotenv.2018.10.015. 

Göteborgs_stad_Miljöförvaltning, Analyser av leksaker fran second hand-butiker, in, 2016. 

Hajnal, Z., 2020. Current challenges of European market surveillance regarding products 
sold online. Public Goods Govern. 5, 1-8. doi:10.21868/PGnG.2020.1.2. 


Journal of Hazardous Materials Advances 7 (2022) 100107 


Iino, F., Takasuga, T., Senthilkumar, K., Nakamura, N., Nakanishi, J., 2005. Risk assess- 
ment of short-chain chlorinated paraffins in Japan based on the first market bas- 
ket study and species sensitivity distributions. Environ. Sci. Technol. 39, 859-866. 
doi:10.1021/es0492211. 

Ionas, A.C., Dirtu, A.C., Anthonissen, T., Neels, H., Covaci, A., 2014. Downsides of the 
recycling process: harmful organic chemicals in children’s toys. Environ. Int. 65, 54- 
62. doi:10.1016/j.envint.2013.12.019. 

Ionas, A.C., Ulevicus, J., Gómez, A.B., Brandsma, S.H., Leonards, P.E.G., van de Bor, M., 
Covaci, A., 2016. Children’s exposure to polybrominated diphenyl ethers (PBDEs) 
through mouthing toys. Environ. Int. 87, 101-107. doi:10.1016/j.envint.2015.11.018. 

IPCP, Overview Report I: worldwide initiatives to identify endocrine disrupting chemicals 
(EDCs) and potential EDCs, in: I.P.o.C.P.a. UNEP (Ed.), 2017. 

Ismaila, R., Haniffb, W.A.A.W., Mohamed, S., Alsagofff, S., 2020. Toy safety in the 
ASEAN and European union: a comparative approach. Int. J. Innov. Creat. Change 
10, 118-132. 

Keml, Ökad e-handel - ökade kemikalierisker? En kartläggning av e-handelns utmaningar 
och förslag till åtgärder, in: S.C. Agency (Ed.), 2020, pp. 116. 

Kirchnawy, C., Hager, F., Osorio Piniella, V., Jeschko, M., Washiittl, M., Mertl, J., Mathieu- 
Huart, A., Rousselle, C., 2020. Potential endocrine disrupting properties of toys for 
babies and infants. PLoS One 15, e0231171. doi:10.1371/journal.pone.0231171. 

Korfali, S.I., Sabra, R., Jurdi, M., Taleb, R.I., 2013. Assessment of toxic metals and ph- 
thalates in children’s toys and clays. Arch. Environ. Contam. Toxicol. 65, 368-381. 
doi:10.1007/s00244-013-9925-1. 

Kratschmer, K., Schächtele, A., Vetter, W., 2021. Chlorinated paraffins 
in baby food from the German market. Food Control 123, 107689. 
doi:10.1016/j.foodcont.2020.107689. 

Lee, J., Pedersen, A.B., Thomsen, M., 2014. The influence of resource strategies on child- 
hood phthalate exposure—the role of REACH in a zero waste society. Environ. Int. 
73, 312-322. doi:10.1016/j.envint.2014.08.003. 

Legler, J., Fletcher, T., Govarts, E., Porta, M., Blumberg, B., Heindel, J.J., Trasande, L., 
2015. Obesity, diabetes, and associated costs of exposure to endocrine-disrupting 
chemicals in the European union. J. Clin. Endocrinol. Metab. 100, 1278-1288. 
doi:10.1210/jc.2014-4326. 

Leslie, H.A., Leonards, P.E.G., Brandsma, S.H., de Boer, J., Jonkers, N., 2016. Propelling 
plastics into the circular economy — weeding out the toxics first. Environ. Int. 94, 
230-234. doi:10.1016/j.envint.2016.05.012. 

Li, T., Wan, Y., Gao, S., Wang, B., Hu, J., 2017. High-Throughput determination and char- 
acterization of short-, medium-, and long-chain chlorinated paraffins in human blood. 
Environ. Sci. Technol. 51, 3346-3354. doi:10.1021/acs.est.6b05149. 

Lioy, P.J., Hauser, R., Gennings, C., Koch, H.M., Mirkes, P.E., Schwetz, B.A., Ko- 
rtenkamp, A., 2015. Assessment of phthalates/phthalate alternatives in children’s toys 
and childcare articles: review of the report including conclusions and recommendation 
of the Chronic Hazard Advisory Panel of the Consumer Product Safety Commission. 
J. Exposure Sci. Environ. Epidemiol. 25, 343. doi:10.1038/jes.2015.33. 

Liu, Y., Aamir, M., Li, M., Liu, K., Hu, Y., Liu, N., Xu, Y., Du, J., Xu, J., Liu, W., 2020. 
Prenatal and postnatal exposure risk assessment of chlorinated paraffins in mothers 
and neonates: occurrence, congener profile, and transfer behavior. J. Hazard. Mater. 
395, 122660. doi:10.1016/j.jhazmat.2020.122660. 

Liu, Y., Wang, Z., Zhang, Q., Bai, H., Cai, Y., Yan, Z., Lv, Q., 2019. Optimization of multi- 
residue method for targeted screening and quantification of 216 harmful chemicals 
in plastic children’s toys by gas chromatography-tandem mass spectrometry analysis. 
J. Chromatogr. A 1603, 311-326. doi:10.1016/j.chroma.2019.06.047. 

Lu, S., Yang, D., Ge, X., Li, L., Zhao, Y., Li, C., Ma, S., Yu, Y., 2020. The internal exposure of 
phthalate metabolites and bisphenols in waste incineration plant workers and the as- 
sociated health risks. Environ. Int. 145, 106101. doi:10.1016/j.envint.2020.106101. 

Maffini, M.V., Geueke, B., Groh, K., Carney Almroth, B., Muncke, J., 2021. Role of epi- 
demiology in risk assessment: a case study of five ortho-phthalates. Environ. Health 
20, 114. doi:10.1186/s12940-021-00799-8. 

McCombie, G., Biedermann, S., Suter, G., Biedermann, M., 2017. Survey on plas- 
ticizers currently found in PVC toys on the Swiss market: banned phtha- 
lates are only a minor concern. J. Environ. Sci. Health Part A 52, 491-496. 
doi:10.1080/10934529.2016.1274176. 

McGrath, T.J., Poma, G., Matsukami, H., Malarvannan, G., Kajiwara, N., Covaci, A., 2021. 
Short- and medium-chain chlorinated paraffins in polyvinylchloride and rubber con- 
sumer products and toys purchased on the Belgian market. Int. J. Environ. Res. Public 
Health 18, 1069. doi:10.3390/ijerph18031069. 

Miller, G.Z., Harris, Z.E., 2015. Hazardous metals in vintage plastic toys measured 
by handheld x-ray fluorescence spectrometer. J. Eviron. Health 77, 6-13 https:// 
neha.org/sites/default/files/publications/jeh/JEH-JanFeb2015-Vintage-Toys.pdf. 

Morgenstern, R., Whyatt, R.M., Insel, B.J., Calafat, A.M., Liu, X., Rauh, V.A., Herb- 
stman, J., Bradwin, G., Factor-Litvak, P., 2017. Phthalates and thyroid function 
in preschool age children: sex specific associations. Environ. Int. 106, 11-18. 
doi:10.1016/j.envint.2017.05.007. 

Palm Cousins, A., Brorström-Lundén, E., Hedlund, B., 2012. Prioritizing organic chemi- 
cals for long-term air monitoring by using empirical monitoring data—Application to 
data from the Swedish screening program. Environ. Monit. Assess. 184, 4647-4654. 
doi:10.1007/s10661-011-2292-3. 

Persson, L., Carney Almroth, B.M., Collins, C.D., Cornell, S., de Wit, C.A., Diamond, M.L., 
Fantke, P., Hassellöv, M., MacLeod, M., Ryberg, M.W., Søgaard Jørgensen, P., 
Villarrubia-Gómez, P., Wang, Z., Hauschild, M.Z., 2022. Outside the safe operating 
space of the planetary boundary for novel entities. Environ. Sci. Technol. 56, 1510- 
1521. doi:10.1021/acs.est.1c04158. 

POPs_committee, 2009. Persistent Organic Pollutants Review Committee_Supporting Doc- 
ument for the Risk Profile On Short-chained Chlorinated Paraffins. in: Stockholm Con- 
vention on Persistent Organic Pollutants, Geneva. 


B. Carney Almroth and D. Slunge 


Praveena, S.M., Siok Fong, C., Amaruddin, A.F., 2021. Phthalates in children toys avail- 
able in Malaysian market: quantification and potential human health risk. J. Steroid 
Biochem. Mol. Biol. 213, 105955. doi:10.1016/j.jsbmb.2021.105955. 

Qu, J., Xia, W., Qian, X., Wu, Y., Li, J., Wen, S., Xu, S., 2022. Geographic distribu- 
tion and time trend of human exposure of Di(2-ethylhexyl) phthalate among dif- 
ferent age groups based on global biomonitoring data. Chemosphere 287, 132115. 
doi:10.1016/j.chemosphere.2021.132115. 

Sadat-Shojai, M., Bakhshandeh, G.-.R., 2011. Recycling of PVC wastes. Polym. Degrad. 
Stab. 96, 404-415. doi:10.1016/j.polymdegradstab.2010.12.001. 

Schrenk, D., Bignami, M., Bodin, L., Chipman, J.K., del Mazo, J., Grasl-Kraupp, B., 
Hogstrand, C., Hoogenboom, L., Leblanc, J.C., 2020. Risk assessment of chlorinated 
paraffins in feed and food. EFSA J. 18, e05991. doi:10.2903/j.efsa.2020.5991. 

Schwedler, G., Rucic, E., Lange, R., Conrad, A., Koch, H.M., Palmke, C., Briining, T., 
Schulz, C., Schmied-Tobies, M.I.H., Daniels, A., Kolossa-Gehring, M., 2020. Phthalate 
metabolites in urine of children and adolescents in Germany. Human biomonitoring 
results of the German Environmental Survey GerES V, 2014-2017. Int. J. Hyg. Envi- 
ron. Health 225, 113444. doi:10.1016/j.ijheh.2019.113444. 

Schyns, Z.0.G., Shaver, M.P., 2021. Mechanical recycling of packaging plastics: a review. 
Macromol. Rapid Commun. 42, 2000415. doi:10.1002/mare.202000415. 

Shamsuyeva, M., Endres, H.-.J., 2021. Plastics in the context of the circu- 
lar economy and sustainable plastics recycling: comprehensive review on re- 
search development, standardization and market. Compos. Part C 6, 100168. 
doi:10.1016/j.jcomc.2021.100168. 

Sherwood, J., 2020. Closed-loop Recycling of Polymers Using Solvents. Johnson Matthey 
Technology Review, York, UK, pp. 4-15 U.o. York (Ed.). 

Stockholms_stad, Kemiskt innehåll i foreskolematerial, in, 2017. 

The Toy Safety Directive, (2009). https://ec.europa.eu/growth/sectors/toys/toy-safety_sv. 

Trasande, L., Zoeller, R.T., Hass, U., Kortenkamp, A., Grandjean, P., Myers, J.P., Di- 
Gangi, J., Bellanger, M., Hauser, R., Legler, J., Skakkebaek, N.E., Heindel, J.J., 
2015. Estimating burden and disease costs of exposure to endocrine-disrupting chem- 
icals in the European union. The J. Clin. Endocrinol. Metab. 100, 1245-1255. 
doi:10.1210/jc.2014-4324. 

Turner, A., 2018. Concentrations and migratabilities of hazardous elements in second- 
hand children’s plastic toys. Environ. Sci. Technol. doi:10.1021/acs.est.7b04685. 


Journal of Hazardous Materials Advances 7 (2022) 100107 


Velis, C.A., Cook, E., 2021. Mismanagement of plastic waste through open burning with 
emphasis on the global south: a systematic review of risks to occupational and public 
health. Environ. Sci. Technol. 55, 7186-7207. doi:10.1021/acs.est.0c08536. 

Wagner, S., Schlummer, M., 2020. Legacy additives in a circular economy of plastics: 
current dilemma, policy analysis, and emerging countermeasures. Resour. Conserv. 
Recycl. 158, 104800. doi:10.1016/j.resconrec.2020.104800. 

Wang, C., Gao, W., Liang, Y., Jiang, Y., Wang, Y., Zhang, Q., Jiang, G., 2019. Mi- 
gration of chlorinated paraffins from plastic food packaging into food simulants: 
concentrations and differences in congener profiles. Chemosphere 225, 557-564. 
doi:10.1016/j.chemosphere.2019.03.039. 

Wiesinger, H., Wang, Z., Hellweg, S., 2021. Deep dive into plastic monomers, 
additives, and processing aids. Environ. Sci. Technol. 55, 9339-9351. 
doi:10.1021/acs.est.1c00976. 

Xia, D., Gao, L.-.R., Zheng, M.-.H., Li, J.-.G., Zhang, L., Wu, Y.-.N., Qiao, L., Tian, Q.-.C., 
Huang, H.-.T., Liu, W.-.B., Su, G.-.J., Liu, G.-.R., 2017. Health risks posed to infants in 
rural China by exposure to short- and medium-chain chlorinated paraffins in breast 
milk. Environ. Int. 103, 1-7. doi:10.1016/j.envint.2017.03.013. 

Xu, S., Hansen, S., Rautio, A., Jarvelin, M.-.R., Abass, K., Rysa, J., Palaniswamy, S., Hu- 
ber, S., Grimalt, J.O., Dumas, P., Odland, J.Ø., 2022. Monitoring temporal trends of 
dioxins, organochlorine pesticides and chlorinated paraffins in pooled serum samples 
collected from Northern Norwegian women: the MISA cohort study. Environ. Res. 
204, 111980. doi:10.1016/j.envres.2021.111980. 

Xue, J., Zartarian, V., Moya, J., Freeman, N., Beamer, P., Black, K., Tulve, N., 
Shalat, S., 2007. A meta-analysis of children’s hand-to-mouth frequency 
data for estimating nondietary ingestion exposure. Risk Anal. 27, 411-420. 
doi:10.1111/j.1539-6924.2007.00893.x. 

Yang, X., Zhang, B., Gao, Y., Chen, Y., Yin, D., Xu, T., 2019. The chlorine 
contents and chain lengths influence the neurobehavioral effects of commer- 
cial chlorinated paraffins on zebrafish larvae. J. Hazard. Mater. 377, 172-178. 
doi:10.1016/j.jhazmat.2019.05.047. 

Zhou, Y., Yuan, B., Nyberg, E., Yin, G., Bignert, A., Glynn, A., Odland, J.Ø., Qiu, Y., Sun, Y., 
Wu, Y., Xiao, Q., Yin, D., Zhu, Z., Zhao, J., Bergman, Å., 2020. Chlorinated paraffins 
in human milk from urban sites in China, Sweden, and Norway. Environ. Sci. Technol. 
54, 4356-4366. doi:10.1021/acs.est.9b06089. 


